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1
$m$ $n$ $m\geqq n$ Borsuk-Ulam
$m$ $S^{n}$ $\mathbb{R}^{n}$ $f$ : $S^{m}arrow \mathbb{R}^{n}$
$a\in S^{m}$ $f(a)=f(-a)$
Proposition 1.1 (Borsuk-Ulam Theorem). $S^{m}$ $S^{n}$ 2 $C_{2}$




$G$ $X$ $Y$ $G$- G-
$\varphi$ : $Xarrow Y$ $x\in X$ $\varphi(x)\in Y$
$G_{x}\subset G_{\varphi(x)}$ $G$- $\varphi$ : $Xarrow Y$ $G$- (G-isovariant maP)
$x\in X$ $G_{x}=G_{\varphi(x)}$ $X$
$G$- $x_{1},$ $x_{2}$ $\varphi(x_{1})=\varphi(x_{2})$ $x_{1}=x_{2}$
2 $G$- $\varphi,$ $\psi$ : $Xarrow Y$ G-
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$\varphi$
$\psi$ G- $F$ : $X\cross[0,1]arrow Y$ $G$- $F$ $\varphi$
$\psi$ G $\varphi$ $\psi$ $G$-
$X$ $Y$ $G$- $G$ $[X, Y]_{G}^{isov}$
Borsuk-Ulam A. G. Wasserman
Proposition 1.2 (Isovariant Borsuk-Ulam Theorem; [5]). $G$ $V,$ $W$
$G$ $G$ - $f$ : $Varrow W$
dim $V$ -dim $V^{G}\leqq\dim W$ -dim $W^{G}$
Borsuk-Ulam
[1] [2] $G$ $mod|G|$ $G-$
$G$- Borsuk-Ulam
Borsuk-Ulam [2] $G$ $n$







Theorem A . $G$ $M$ $G$ - $m$ - $C^{\infty}$
$W$ $G$
dim $M+1\leqq\dim SW$ –dim $SW>1$ (1)





Theorem $B$ . Theorem $A$
dim $M+1<\dim SW$ -dim $SW>1$
$M$ $SW$ $G$- G-
(1)
$M$ $G$ $M$ [2]
(multi-degree)
2
[3] 3 A 4 $B$
2




G-CW $X\backslash A$ $G$ $n\geqq 0$
$X_{n}$ $X_{n-1}$ $G(=G/\{e\})$ $n$- ( $n$- )
$X0\supset A$ $n<0$ $X_{n}=A$ $C_{*}(X, A)$
$...arrow H_{n+1}(X_{n+1}, X_{n})arrow^{d}H_{n}(X_{n},X_{n-1})arrow...$
$d$ $(X_{n+1}, X_{n}, X_{n-1})$
$X$ $G$- $X_{n}$ $H_{n}(X_{n}, X_{n-1})$ $G$-




G* $(X, A;\pi)$ $\mathbb{Z}G- b\#$ $\pi$ $X/G\backslash A/G$
$\{\pi\}$
$\ovalbox{\tt\small REJECT}_{G}^{*}(X, A;\pi)\cong H^{*}(X/G, A/G;\{\pi\})$
$Y$ $n$- $G$- $\pi_{1}(Y, y)$ $\pi_{n}(Y$,
$n\geqq 1$ $Y$
$\pi_{n}(Y, y)arrow[S^{n}, Y]=\pi_{n}(Y)$
$Y$ $G$- $\pi_{n}(Y)$ $G$- $\pi_{n}(Y)$ $\mathbb{Z}G$-
$\mathfrak{H}_{G}^{*}(X, A;\pi_{n}(Y))\cong H^{*}(X/G, A/G;\{\pi_{n}(Y)\})$
$G$ $\pi_{n}(Y)$
$fl_{G}^{*}(X, A;\pi_{n}(Y))\cong H^{*}(X/G,A/G;\pi_{n}(Y))$
Proposition 2.1 ([3]). $G$ (X, $A$ ) G-CW $X\backslash A$ $G$
$Y$ $n$ - $G$-
1. $\hslash_{G}^{*}(X, A;\pi_{*-1}(Y))=0$ $G$ - $f$ : $Aarrow Y$ $G$- $F:Xarrow Y$
2. $G$ - $f$ : $Aarrow Y$ $G$- $F,$ $F’$ : $Xarrow Y$ $\mathfrak{H}_{G}^{*}(X, A;\pi_{*}(Y))=0$
$F$ $F’$ G-
3 $G$-




Theorem A dim $M+1\leqq\dim SW-\dim SW>1$ dim $SW-$
dim $SW>1\geqq 1$ $SW_{free}\neq\emptyset$ $G$ $SW_{frae}$
$M$ $G$- $M$ $SW$
$M$ $SW_{free}$ $G$-
G* $(M, \pi_{*-l}(SW^{W}f_{ree}))$
$k=\dim SW$ -dim $SW>1$
$G$ $H$ $SW^{H}$
$SW^{H}\subsetneqq SW$ dim $SW$ -dim $SW^{H}\geqq 2$ $SW_{fr\infty}\neq\emptyset$
$k\geqq 2$ $SWff\infty=SW\backslash SW>1$
2 $SW_{frae}$
Lemma 3.1. $SW_{kae}$ $(k-2)$ -
Proof. $d\leqq k-2$ $d$ $\pi_{d}(SW_{free})=0$ $\varphi$ : $S^{d}arrow SW_{free}$
$(d+1)+\dim SW>1<\dim SW$
$\varphi$ null homotopic $d\leqq k-2$ $\pi_{d}(SW_{fr\infty})=0$
Theorem A $k>2$ Lemma
3.1 $SW_{fr\infty}$ $SW_{fr\infty}$ $q$ q-
$\mathfrak{H}_{G}^{*}(M, \pi_{*-1}(SW_{fr\infty}))\cong H^{*}(M/G;\{\pi_{*-1}(SW_{free})\})$
$q\leqq k-1$ Lemma 3.1 $\pi_{q-1}(SW_{free})=0$
$\hslash_{G}^{q}(M, \pi_{q-1}(SW_{free}))=0$ $q\geqq k$
dim $M+1\leqq\dim SW-\dim SW>1=k$
dim $M\leqq k-1<q$
$q\geqq k$ $q$ $H^{q}(MfG;\{\pi_{q-1}(SW_{kee})\})=0$
$c{}^{t}(M, \pi_{r-1}(SW_{kee}))=0$
32
$k=2$ dim $M\leqq 1$
$M$ $S^{1}$ $G$
Lemma 3.2 ([2]). $G$ $k=2$ $\pi_{1}(SW_{frae})$ $SW_{free}$
1
$q\geqq 2$ $qc(M, \pi_{q-1}(SW_{kee}))$
$G$ $G$- $m$ $M$
$G$- $SW_{fr\infty}=SW\backslash SW>1$ $G$- $M$ $SW$
$G$-
4 Borsuk-Ulam
Theorem $B$ $M$ $G$-
$[M, SW]_{G}^{i\infty v}=[M, SW_{fr\infty}]_{G}$
dim $M+1<\dim SW$ -dim $SW>1=k$
$[M, SW_{ir\infty}]_{G}$ $M$ $SW_{\hslash\infty}$ G-
*(M; $\pi_{*}(SW_{free})$ )




$q\leqq k-2$ Lemma 3.1 $\pi_{q}(SW_{kee})=0$
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